Fifteen preterm infants and 17 born at full term whose gestational ages ranged from 25 to 34 weeks and 38 to 42 weeks, respectively, were examined initially at postconceptional ages ranging from 38 to 44 weeks and subsequently at 46 to 71 weeks. Each examination included measurement of bone mineral content of the mid-forearm by single photon absorptiometry. For the preterm group, the mean (SD) value of bone mineral content at the first examination was 109-0 (27.6) mg/cm and was significantly lower than the corresponding value of 194-4 (19-6) mg/cm for the whole full term group. The mean subsequent rate of mineral accretion in the preterm group was 8-70 (4.60) mg/cm/week, the mean individual duration of observation being 9-7 weeks. Rate of mineral accretion for the full term group was independent of the duration of observation and averaged 
We and others have previously shown that at 40 weeks' postconception the bones of preterm infants are substantially undermineralised compared with those of full term infants at birth. 2 The bone mineral deficit, assessed by single photon absorptiometry of the mid-forearm,3 is roughly 20% in very low birthweight (<1500 g) infants,' and the deficit is even larger (about 35% after adjustment for crown-heel length or weight differences) in extremely low birthweight infants (<1000 g) born earlier. 2 In a subsequent investigation in which we studied preterm and full term infants in the postconceptional age range 65 to 100 weeks and examined the results in the context of earlier observations we found that, by about 60 weeks, the bone mineral deficit that had been noted in preterm infants at 40 weeks had largely disappeared.4 That conclusion, which we had not anticipated, was based solely on cross sectional observations. The data none the less strongly suggested that individual preterm infants must mineralise their bones rapidly in the period from 40 to 60 weeks' postconception, at a time when mineral accretion in full term infants is relatively slow.
In this paper we report our first longitudinal observations of mineral accretion in preterm and full term infants, which were made to test the hypothesis that, in many infants, osteopenia of prematurity is a transient condition that heals with time without direct clinical intervention.
Patients and methods This study was approved by the local ethics committee. Thirty two infants born between 1984 and 1989 were examined. They were all white singletons whose parents gave informed consent for the investigations to be carried out, and who were prepared to bring their babies back to the neonatal unit for measurement when necessary. Of the 32, 15 infants (eight boys) had been born prematurely and comprised the 'preterm group-group P. The remaining 17 (nine boys), who were born after roughly 40 weeks' gestation, comprised the 'full-term group'-group F-and served as controls. Group F included a subgroup-group Fl-that comprised seven infants (five boys). Those in group Fl were infants born at full term who were measured at postconceptional ages closely similar to those in group P (see below). Infants in group P were born in or referred to our neonatal intensive care unit during a 36 month period that began in 1985. Twelve of the 15 were of appropriate weight for gestational age at birth, but three were small for dates. While in the unit, 12 were included in studies of the efficacy of various feeding regimens in promoting bone mineral accretion during the neonatal period (SW Ryan, J James, PJ Congdon, A Horsman, JG Truscott. Effect of vitamin D supplementation on bone mineralisation in preterm infants. Unpublished observations).5 All infants had been0fed with standard neonatal formulas from the onset of milk feeding until weaning, including four control infants from the mineral supplementation study who received 400 IU/day vitamin D supplementation throughout.5 Eight infants had taken part in a vitamin D supplementation study (0 -15 [ig 1 a hydroxyvitamin D/day (n=3), 400 IU vitamin D/day (n=3), or 1000 IU vitamin D/day (n =2)), until the time of the measurement, which was about 40 weeks' postconception. After this those infants subsequently received 400 IU/day vitamin D. The remaining three infants were fed standard neonatal formulas plus 400 IU/day vitamin D. Infants received a maximum of 180 to 200 ml/kg/day of formula feed while in hospital, and although such intakes were recommended for infants at home they often received more. Absorptiometry was first performed Spontaneous resolution ofbone mineral depletion in preterm infants Tabk I Descriptive statistics for gestational age, postconceptional age, weight, crown-heel length, and bone mineral content at the first and second observation times. The 17 full term infants in group F were recruited from the local postnatal ward and were measured before discharge. All returned for a subsequent measurement. Those who were below the 10th centile for birth weight on standard charts were not entered in the study. 6 With five exceptions, all the infants born at full term received formula feeds from birth; the remainder were breast fed, with weaning starting at about 3 months.
Gestational age (completed weeks), calculated from maternal menstrual history and confirmed, for the preterm group, by either external examination,7 or ophthalmoscopic examination of the lens,8 had been documented in each case. For group P, gestational age ranged from 25 to 34 weeks (mean (SD) 29-1 (2-9) weeks), and for group F it ranged from 38 to 42 weeks (mean (SD) 40-2 (1[2) weeks). The mean gestational age of group Fl was 40-6 (0-8) weeks (table 1) .
On two occasions bone mineral content (mg/ cm) was measured at the middle of the forearm of each infant by photon absorptiometry as previously described. 3 The radiation exposure is small, and only a narrow area of the forearm is irradiated during a scan; skin entrance dose is 0 03 mGy/investigation. Weight (g) and crownheel length (cm) were usually measured whenever a scan was performed.
In Whereas mean values of postconceptional age at the start of the study were closely similar in all groups, they were dissimilar at the end (table  1) . It was noted that despite the fact that those in group P were on average three weeks younger, 1900 g lighter, and 7 cm shorter, than those in group F1, the mean values of bone mineral content at the end were similar in the two groups (192 mg/cm and 207 mg/cm, respec-7500-
5000-
The mean rates of weight gain (table 2) were closely similar in preterm and full term infants, averaging roughly 175 g/week; differences in the mean rates between groups P and F1, or P and F, were not significant. Longitudinal growth was more rapid in the preterm infants than the full term infants, however; the mean value of the rate of increase of crown-heel length was 0 97 cm/week in group P, which was significantly greater than the corresponding values of 0-79 cm/week for group Fl (p<0 02), and 0175 cm/week for group F (p<0 001). In the preterm group the mean rate of mineral accretion was 10 times higher than in group F1, and five times higher than in group F; mean values of rate of mineral accretion in groups P, Fl, and F were 8-70 mg/cm/week, 0-87 mg/cm/week, and 1-60 mg/cm/week, respectively. Differences between mean rate of mineral accretion in groups P and Fl, and groups P and F, were highly significant (p<0-001); the difference between mean rate of mineral accretion in groups Fl and F was not significant.
These results are displayed graphically in fig  1 (weight), 2 (crown-heel length) , and 3 (bone mineral content). In each figure, the slope of the line joining the term and endpoint data for each group is closely similar but not identical to the mean of the individual rates of change given in table 2. Figures, 1, 2 , and 3 also contain previously published curves based on observations of preterm infants near to the time of birth9; the curves approximate weight gain, linear growth, and bone mineralisation in utero.
Discussion
The results of our previous cross sectional study of preterm and full term infants in the postconceptional age range 65 to 100 weeks showed that if residual differences exist in bone mineral content between the groups, by 60 weeks those differences must be small in relation to the differences existing at 40 weeks.4 On the basis of intermediate observations, we were able to narrow down a period within which rapid mineral deposition must occur in preterm infants, and we suggested that this period was between about 40 and 60 weeks.
The results of the present longitudinal study confirm that hypothesis. At a time between 40 and 60 weeks, when body weight and crownheel length are increasing at about the same rate in preterm and full term infants, the rate of mineral accretion is of the order of five times greater in preterm than in full term infants. The changes we observed in preterm infants during that period are in stark contrast to the changes occurring before 40 weeks' postconception, and previously observed in other studies: from birth to 40 weeks, the net increase in bone mineral content is virtually nil in preterm infants.
In broad terms, our observations fit the following hypothesis. For an infant of any given weight and length there is an appropriate value of bone mineral content both in utero, and similarly after birth in a full term infant. When an infant is born prematurely, the in utero relationships are not maintained after birth, with the discrepancy between the infant's bone mineral content and that expected on the basis of weight and length increasing with time, at least up to 40 weeks' postconception. Thereafter, some mechanism comes into play that restores the relationship between bone mineral content, weight, and length in a preterm infant towards that present in full term infants of the same postconceptional age. Whatever the mechanism that tends to restore to normal the relationships between skeletal mineral content and body size, it is clearly inhibited until the time the preterm infants should have been born, and it would seem to have run its course by about 60 weeks' postconception.
With the measurements available it is impossible to disentangle two separate processes that might be occurring during the catch up phase. Those processes are the laying down of bone mineral on existing, previously undermineralised, bone matrix, and increasing overall cross sectional area of the bone at the measurement site, the bone tissue being rapidly and completely mineralised as the bone is laid down. If by 40 weeks' postconception, the bones of preterm infants are of normal cross sectional area (for length), then these and previously published data suggest that they must be undermineralised in the sense that the mineral density/unit volume of bone tissue is reduced. In the catch up phase, both processes could then be occurring in parallel. On In that study children who had been born prematurely and with low birth weight, but at an unrecorded gestational age, were compared with historical controls. Among girls there was no difference in bone mineral content between preterm and full term children. Among boys bone mineral content was 7% lower (p<001) for age in the preterm group, but this difference disappeared when height or weight was taken into account. Dahlenburg et al found that preterm infants were not at increased risk of fracture in childhood,'1 although in infants of less than 33 weeks' gestation fractures occurred at a significantly earlier age. Gross found that the bone mineral content of the humerus of preterm babies weighing less than 1600 g at birth more than doubled between the postconceptional ages of 34 and 44 weeks. Between 34 and 37 weeks' postconception bone mineral content remained unchanged. The bone mineral content of preterm infants at 44 weeks' postconception exceeded that of infants born at full term and measured at 40 weeks postconception.
"
The rapid mineral accretion seen between 40 and 50 weeks' postconception in preterm infants is accompanied by falling alkaline phosphatase activity and increasing phosphate concentration in plasma, which other authors have described in preterm infants over the same age range. We have often observed that infants who are discharged from our unit have increased their milk intake when they next attend the outpatient clinic. Intakes between 200 and 300 ml/kg/day are not uncommon compared with normal intakes of 150 to 180 ml/kg/day. The increase in intake is usually mediated by the hunger of the baby and obviously results in an increased dietary intake of mineral. In our study, although the rate of weight gain (g/day) was similar in full term and preterm infants, the weight gain relative to body weight (g/kg/day) is greater in the smaller preterm group. This could indicate a greater milk and hence mineral intake in these infants, which could also help to explain our observations, as increased mineral supply is known to increase bone mineral accretion.5
The mechanism that allows the rapid rate of mineral accretion, which we have seen, is of great interest. We intend to carry out further investigations to attempt to identify the underlying mechanism. It may then be possible to make use of the effect to benefit both preterm infants, with some of the more serious manifestations of osteopenia of prematurity, and other groups of patients with failure of mineralisation.
Dr Peter J Congdon died tragically at the early age of 44 while this work was being carried out. His sustained dedication to the group's work on osteopenia of prematurity will always be remembered with admiration by the other authors. All felt that, in view of the importance of the findings reported above, it would be an appropriate tribute to dedicate this paper to him, which we do with a deep sense of affection and respect.
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